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Abstract
In this paper, the combined cooling, heating and power (CCHP) systems used in a new university campus, which is located in
Changchun (in the severe cold zone of northeast of china), is evaluated. According to the simulation results, this paper analyzes 
the energy consumption of a conventional system and the CCHP systems. Furthermore, the environmental issues are assessed
using the proposed emission model. In addition, in order to evaluate some benefits for energy-saving, emission reduction and 
economical aspects, a sensitivity analysis is carried out by comparing the power generation capacity of CCHP and the price of 
electricity and gas.
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1. Introduction
Due to the development of the society and economy, energy demand was increasing so fast in China. From 1980 
to 2009, the energy standard coal equivalent was increased about 2,452 million tons, which accounted for about 19% 
of total world energy consumption. Because of the irrational energy structure of China, it leads to very bad 
environmental issues. (China Statistics Yearbook, 2013) In China; coal supplied the majority (nearly 66%) of 
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China's total energy consumption in 2012. The second-largest source was petroleum and other liquids, accounting 
for nearly 20% of the country's total energy consumption. Although China has made an effort to diversify its energy 
supplies, hydroelectric sources (8%), natural gas (5%), nuclear power (nearly 1%), and other renewables (more than 
1%) accounted for relatively small shares of China's energy consumption. (U.S. Energy Information Administration,
2012) Around 30% of the national energy consumption in China comes from building energy consumption, of which 
one-fifth is consumed within public buildings. 
Combined cooling heating and power (CCHP) system is an energy-efficient technology and broadly identified as 
an alternative for the world to meet and solve energy related problems and environmental issues. The central 
government of China has recognized the discrepancy between the growth of economy and the environmental issues. 
China’s government continues to promote the clear and efficient development of conventional fossil energy 
production and utilization. (The National Development and Reform Commission, 2012) The Natural Gas 
Development Plan During the 12th Five-Year Plan Period and the Guidelines for Developing Distributed Energy 
Systems (DES) for Natural Gas set out key development objectives and tasks, the total capacity of CCHP is expected 
to reach 50,000MW by 2020. (China 12th Five-Year, 2010) Because of this plan, a large number of demonstrations 
have developed in different area of China, as list in table 1.(Zhou, Z., Liu, P., Li, Z., & Ni, W. 2013) These CCHP 
projects share a similar configuration which generally includes a prime mover (gas turbine or gas engine), a waste 
heat boiler and an absorption chiller. (Cho, H., Smith, A. D., & Mago, P. 2014)
Table 1 Demonstration projects of CCHP system in China and their configurations
NO. Location Main equipment
1 Pudong International Airport, 
Shanghai
Gas turbine, Waste heat boiler 
2 Huangpu Central Hospital, Shanghai Gas turbine, Waste heat boiler
3 Minhang Central Hospital, Shanghai Gas turbine, Waste heat boiler
4 Shanghai Institute of Technology, 
Shanghai
Micro-turbine, Absorption Chiller, 
Waste heat boiler
5 Shuya Liangzi Ministry of Health,
Shanghai
Diesel engine, Waste heat boiler
6 Zizhu Science-based Industrial Park,
Shanghai
Micro-turbine, Absorption chiller
7 Shanghai Jinqiao Sports Center,
Shanghai
Gas engine, Waste heat boiler
8 Shanghai Global Financial Hub,
Shanghai
Gas engine, Waste heat boiler
9 Beijing Gas Group Monitoring
Center, Beijing
Gas engine, Absorption Chiller
10 Ciqumen Station Building, Beijing Micro-turbine, Absorption Chiller
11 Zhongguancun Software Square,
Beijing
Gas turbine, Absorption Chiller
12 International Trade Center, Phase 3,
Beijing
Gas turbine, Waste heat boiler
13 International Business Center,
Beijing
Gas turbine, Waste heat boiler
14 Olympic Energy Exhibit Center,
Beijing
Micro-turbine, Absorption chiller
In order to develop the CCHP system and find the best application conditions in China. Researchers have done a
lot of researches. Those include optimization, performance improvement, assessment standard of design, 
management options and so on. Hai Lu et al analyzed a multi-objective optimization approach based on genetic 
algorithm (GA) is proposed and applied to search for the optimal hybrid system candidates for a net-zero exergy 
363 Jinming Jiang et al. /  Procedia - Social and Behavioral Sciences  216 ( 2016 )  361 – 372 
district (NZEXD) in Hangzhou, China. (Lu, H., Yu, Z. & Martinac, I. 2014) Longxi Li et al analyzes the effect of 
applying a combined cooling, heating and power (CCHP) system in two types of buildings: residential and office 
buildings in Dalian, China. (Li, L., Mu, H., Gao, W., & Li, M. 2014) Zhe Zhou et al provided a generic energy 
systems engineering framework toward the optimal design of DES in China, with the purpose of obtaining optimal 
combination of technologies and capacity of equipment for a given area with given energy demands. A hotel in 
Beijing is selected as an illustrative example to be finished the study. (Zhou, Z., Liu, P., Li, Z., & Ni, W. 2013) Gu 
et al have provided a useful indication of the type of CCHP solution relevant to different prime movers and design 
and management strategies. The study was applied for residential buildings in Shanghai, China. (Gu, Q., Ren, H., 
Gao, W., & Ren, J. 2012) Hongbo Ren et al have analyzed the Distributed Energy Resource (DER) system is 
proposed for urban areas in China. An analytical model is developed to determine the optimal system combination 
and operation pattern of the DER system, using the model, taking a model area in Shanghai, China. (Ren, H., Zhou, 
W., & Gao, W. 2012) Ren et al have analyzed the feasible DER systems for prevailing building complexes have 
been examined for a major city (Harbin, Beijing, Shanghai, Kunming and Guangzhou) within each of the five major 
climate zones in China. (Ren, H., Zhou, W., Nakagami, K. i., Gao, W., & Wu, Q. 2010) Wang et al presented the 
environmental impact models of separation production (SP) system and BCHP system respectively. Three most 
important energy-related environmental issues, global warming, acid precipitation and stratospheric ozone depletion, 
are considered to evaluate the environmental impact of BCHP system for a commercial building located in five 
climate zones, China.( Wang, J.-J., Jing, Y.-Y., & Zhang, C.-F. 2010-2011) All of researches were given well results 
during researches. However, China has five climate zones, and also has different altitude from west to east. China 
has the different electricity price and gas price between the rich areas (eastern coastal areas) and less developed areas 
(northeast China, western China). When the CCHP systems were used in different areas the results of energetic, 
economic and environmental performances are different.
This paper is to analysis the performance of CCHP system for a university campus in North China. In recent years, 
more and more low-carbon university campuses were built, the campus as a whole objective area to be provided 
energy. The purpose of this work is to import a CCHP system for a university campus which includes university 
library building, office building, teaching building, dormitory and commercial building.
Nomenclature
DES distributed energy system
SP          separation production
CCHP   combined cooling, heating and power system
E            electricity
Q            energy load 
F fuel
R heating recovery system
ac         air-condition system
eq          equipment of system
b            boiler
in          input to heating recovery system
out       output of heating recovery system
c           cooling 
h space heating
hw       hot water
pgu      power generation units
grid utility grid 
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This paper is analysis the effect of capacity of the CCHP system, electricity price and gas price. Then the 
energetic, economic and environmental performances are analyzed for CCHP system in North China. This paper is 
organized as follows: Section 2 presents the CCHP system in the university campus and the simulation method. 
Section 3 describes the research object and basic data for the study. Section 4 describes the case that will be 
discussed in this paper. Section 5 analyzes the simulation results including cost, energy, and emission during the 
different capacities, electricity price, and gas price. Section 6 summarizes some conclusions.
2. CCHP system and simulation method
2.1. Conventional SP system of the university campus
A conventional separation production (SP) system is adopted, in which the urban central heating system provides 
the heating energy; it is used to compare with CCHP system. The energy flows of SP system are show in Fig 1. 
The energy load of the campus include: (1) the electrical load (lighting system and equipment), E (kWh); (2) the 
cooling load for space cooling, Qc (kWh); (3) the heating energy load for space heating, Qh (kWh); the heating load 
for hot water, Qhw(kWh). In the conventional SP system the city power plant provides the electricity to the campus; 
the air condition system provides cooling; and the urban central heating system and gas boiler is adopted to the 
heating for space heating and hot water. The electricity from the urban electricity grid, Egrid,SP (kwh); the electricity 
used for air-condition, Eac,SP (kWh); the electricity for equipment, Eeq,SP(kWh); and the fuel for boiler, Fb,SP(kWh);
the heat from the boiler; Qb,SP(kWh); the heating from urban heating system, Hgrid (kWh).
Fig.1 Schematic of conventional SP system
2.2. CCHP system of the university campus
CCHP systems have many various components. The performances of CCHP system are closely related to its 
design, and more importantly the operation mode determines its energetic, economic and environmental 
performances. (Li, H., Fu, L., Geng, K., 2006 & Kong, X. Q., Wang, R. Z., 2005) Usually CCHP system operates 
following electricity load or heat loads, which are the two most distinctive operation strategies. In order to adapted 
to the energy demand of cold area in North China, and reduce the CO2 emissions, a system which is not use the 
urban central heating system are adopt for the campus. The schematic of CCHP system is show in Fig.2.
The CCHP system in campus including power generation unit (PGU), heating recovery system, air-condition, 
boiler. The PGU and boiler are fueled by natural gas in this study. For the CCHP system, the electricity load can be 
met by PGU and utility grid; the cooling load can be met by air-condition; the heating load for space heating and hot 
water can be met by heat exchanger which the heat are from the heat recovery system and boiler. Where the
electricity from the utility grid, Egrid,CCHP (kWh); the electricity from the PGU, Epgu (kWh); the electricity for air-
condition system, Eac,CCHP (kWh); the electricity for the equipment of CCHP system, Eeq,CCHP(kWh); the waste heat 
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input heating recovery system; QR.in (kWh),the heat output heating recovery system; QR,out (kWh); the heat from the 
boiler; Qb,CCHP(kWh); the fuel for PGU; Fpgu(kWh); the fuel for the boiler, Fb,CCHP(kWh).
Fig.2 Schematic of CCHP system
2.3. Optimal model and method
In this study, referring to the Distributed Energy Resources Customer Adoption Model (DER-CAM) which was 
developed by the Ernest Orlando Lawrence Berkeley National Laboratory (LBNL), E-GAMS programmer is 
developed with a research of database of energy tariffs, DER (Distributed Energy Resources) technology cost and 
performance characteristics, and building energy consumption in Japan.(Yang Y.W., Gao,2006 & Ruan Y. J.2005)
E-GAMS is a tool designed to find the optimal combination of installed equipment and an idealized operating 
schedule to minimize a site’s energy bills.( Yang, Y. W., 2009) In this study, before we use this optimal model in 
North China, we change the climate condition and price structure; make sure it can be used in China. The flowchart 
of E-GAMS shows in Fig.3.
By this optimal model, we put into the equipment (energy load of different type buildings, usage amount of 
electricity, gas, etc.), market information (gas price and electricity price, etc.) and technical information (co-
generation, PV, absorption chiller, etc.), the rate of return on investment, other parameters. Then, run of the E-
GAMS, the result of optimal combination of equipment with cost, the capacity optimal combination of equipment, 
efficiency of system, total cost, environ mentality ( CO2 emission, etc.) can be output.
Fig.3 the flowchart of E-GAMS
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3. Objection campus 
3.1. Research object
The objection campus is located in Changchun City, the northeast of China, Jilin Province. This campus includes
university library building, office building, teaching building, dormitory and commercial building. And more than 
20,000 students are living at the campus. The building areas are showed in table 2. In this campus, the weekday is 
250days, and the weekend and holiday is total 136 days in one year. 
Table 2 the areas of buildings
Item Floor areas (m2)
Library 30,485
Offices 13,384
Teaching building 185,289
Dormitory 18,685
Commercial building 9,464
Cafeterias 18685
3.2. Climate information
Changchun City has a humid continental with severe, dry winters, hot summers and strong seasonality. (China 
meteorological Administration, 2014) The winter includes January, February, March, November, and December; the
summer includes July and August; the midterm season includes April, May, June, September, and October. The 
average temperature (ć) is showed in Fig.4. The average temperature in summer is 22~24ć; the average max 
temperature in summer is 27~29ć. The average temperature in winter is -13~ -15ć; the average min temperature is 
-19~-23ć. Changchun has very cold winter, every year the urban central heating system start in late October and 
close in early April, more than 130 days need the space heating. The space cooling time is short about 50 days.
Fig.4 the average temperature of Changchun City
3.3. Energy load
The energy load is caculated by E-GAMS using the basic information. The energy load of the university campus 
is show in Fig.5 and Fig.6. Fig.5 is the total energy load of typical day in every month. We can find that the space 
heating load is very large, and the laegest is 487,460 kW a day in Januay, because of the low temperature and long 
time need the space heating. And the cooing load is lower, the largest cooling load is 14,828 kW a day in August.  
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            Fig.5 the total energy load of typical day in every month
Fig.6 is the hourly enery load of the university campus during a typically day. Fig.6.(a) is the hourly load in 
summer , the peak time is 13~15 o’clock and 18~21 o’clock for cooling. The electricity load is larger than heating 
load of hot water. Fig.6.(b) is the hourly load in midterm,  afer 15 o’clock the hot water load is larger than electricity. 
Fig.6.(c) is the hourly load in winter, the space heating load is more than electricity load,and the heating of hot water 
is more than electricity load after 18 o’clock.
Fig.6 the hourly energy load in the uviersity campus
a: the hourly load in summer
b: the hourly load in midterm
c: the hourly load in winter
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3.4. Electricity and gas tariffs
Changchun city belongs to economic less developed areas in China, the price of electricity and natural gas price 
system is simple.At present, only the use of electric heating user application dynamic pricing, for users of urban 
central heating system is using general electricity price.This study is using the general electricity price to caiculate,
electricity price is0.08458 US dollar per kWh.Gas prices since April 1, 2015 changes, this paper calculated with 
prices in 2014,the price is 0.32US dollar per m3.
4. Case set up
In this study, a gas engine is used as the power generation unit in the CCHP system of campus. And a heating 
recovery system is used to recovery the waste heat to heating exchange system for heating demand. Due to the low 
cooling demand in North China, absorption is not used, because of the lower rate of return on investment. A boiler is 
used to meet the heating demand beside the heating recovery system. Currently, the surplus electricity is produced 
by PGU cannot be sold to utility gird, so, the CCHP system of this research is operated following electricity load.   
In this paper, based on the present model, three scenarios will be discussed as follow:
Scenario 1: change the installed Capacity: only using the gas engine, heating recovery system, and change the 
capacity as 0 kW 25kW, 50kW, 100kW, 150kW, 200kW, 250kW, 300kW, 350kW, 400kW, 500kW, 600kW, 
700kW, 800kW. 
Scenario 2: electricity price changed. In this scenario, the gas engine with the capacity of 700kW is used, the 
electricity price which are changed 100%, 120%, 140%, 160%, 180%, 200%, 300% of the current price. 
Scenario 3: gas price changed. In this scenario, the gas with the capacity of 700kW is used. The gas price which 
is changed 100%, 90%, 80%, 70%, 60%, and 50% of the current price.
Table 3 gives us the information of gas engines, it includes the rated capacity, lifetime, and installation cost, 
waste heat per rated capacity, and heat recovery efficiency.
Table 3 the information of gas engines.
Equipment 
item
Rated capacity
(kW)
Lifetime 
(year)
Installation cost
($)
Waste heat per rated 
capacity(kW)
Heat recovery 
efficiency (%)
GE-25 25 12.5 3065 75 26
GE 50 50 12.5 2635 151 28
GE 100 100 12.5 2266 304 29
GE -150 150 12.5 2074 457 30
GE -200 200 12.5 1948 611 31
GE -250 150 12.5 1855 766 31
GE -300 300 12.5 1783 920 32
GE -350 350 12.5 1724 1075 32
GE -400 400 12.5 1675 1231 32
GE -500 500 12.5 1595 1541 32
GE -600 600 12.5 1533 1852 33
GE -700 700 12.5 1482 2164 34
GE -800 800 12.5 1440 2476 34
5. Results and discussions
The case described in the previous sections is calculated according to the models described in Section 2.3. the 
result are presented and discussed in the following subsections.
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As we know from the energy load section, the peak time has the most electricity demand is 730kW. In order to 
find the best capacity of PGU, we set the scenario1, to change capacities of gas engine. Fig.7 illustratres the rate of 
output electricity for PGU of the total electricity load. The figure shows with the increase of the capacity, the  rate of 
output electricity for PGU of the total electricity load is also increase, but when the capacity is more than 500kW the 
rate of increase begin slower than before. In other word, with the increase of capacity, the use frequenci of PGU
began to decline. The overall output eletricity became stabe. 
Fig.7 the rate of generation electricity of PGU of the total electricity load
Also,CCHP system can achieve a dramatic effect of CO2 reductiong compared with the conventional energy 
system. As show in Fig.8, with the increase of the capacity of CCHP system, the CO2 reduction is increased 
simultaneousely. Amount of CO2 reduction also is restricted by the output electricity of CCHP system, when the 
capacitty of CCHP system more than 500kW, the rate of increase for CO2 reduction begin to slow than before.  
During a university campus, the amount of CO2 reduction is near 90t per year, it also a good rsult. The most rate of  
CO2 reduction is about 3%, it looks so small, due to the CCHP system for the campus is a following electricity load 
system, the main function is to reduce the electricity was achieved from the urban utility grid ,improve the efficieny 
of energy. In this campus, the heating demand far more than the electricity demand. We can find from the Fig.5 and 
Fig.6, the electricity demand occupies a small part of the total energy demand, and the space heating demand is the 
main part of the total energy demand. Because of the low temperature and long winter time in North China.  So we 
can determine that to optimize and control of the heating system as is a effective measures to improve the energy 
effciency and reduce carbon emmissions.
Fig.8 CO2 reduction of different capacities
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Fig.9 payback year of different capacities
Fig.9 shows the payback year of different capacities.  The capacity of 25kW takes more than 3 years to return the 
investment of CCHP system. But the capacity of 50kW is less than the 25kW. And then the pay back years are 
increased with the capacity increase.  We can find the capacity of the CCHP system is proportional to the paback 
years, and  it is inversely proportional to the initial investment.  All kind of capacity of CCHP systems’ investment 
cost can be pay back in 6.5 years. Compared with the 12.5 years lifetimes has a very high investment.  Table 3 also 
shows the relationship that we have found from Fig.9. with the increase of the capacity of CCHP system the heat 
recovery efficiency is increased.
Fig.10 the relationship between the totoal cost and price multiples.
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(a) ,(b) are the gas prcie changed; (c), (d) are the electricity price changed.
Due to the peak electricity demand not more than 750kW,so we adopt the CCHP with 700kW capacity to explore 
the effect of price changed. Fig10 shows the result of the scenario 2 and 3. It illustrates the relationship between the 
total cost and price multilples. Fig.10 (a) and (b) shows the gas price multiples with ammual total cost and rate of
total cost reduction, respectively. We can find from Fig.10(a) when it is began to reduce the gas price from 1.0 price 
multiple to 0.5 price multiple, the CCHP with 700 kW capaciy’s annual total cost is higher than the conventional SP 
system. When the gas price is lower than 0.65 price multiple, the annual total cost of CCHP with 700 kW capaciy is 
lower than the conventional SP system. In other words, when the gas price are changed to low the 0.65 price 
multiple, the CCHP system has a well econnomic. Fig.10 (b) is given us a clearly describtion of the relationship. 
With the lower of the price multiple, the rate of total cost reduction is growth. Fig.10 (c) and (d) shows the 
electricity price multiples with ammual total cost and rate of total cost reduction, respectively. Fig.10 (c) shows 
when it is began to increas the electricity price from 1.0 price multiple to 3.0 price multiple, the CCHP with 700 kW 
capaciy’s annual total cost is higher than the conventional SP system. When the electricity price is more than about 
1.5 price multiple, the annual total cost of CCHP with 700 kW capaciy is lower than the conventional SP system. In 
other words, when the electricity price are changed to more than the 1.5 price multiple, the CCHP system has a well 
econnomic. As show in Fig.10(d), With the higher of the price multiple, the rate of total cost reduction is growth.
The electricity price multiples and the total cost reduction  are into the positive correlation relationship. 
4. Conclusions
In the present paper, the combined cooling, heating and power systems used in a new university campus, which is 
located in Changchun (in the severe cold zone of northeast of china), is evaluated. The E-GAMS is used to calculate
and give the result of the system. Three scenarios were designed by different installed capacity, gas price and 
electricity price is used in the model. According to the analytic results, the following conclusions can be deduced.
(1) With the increase of capacity, the use frequency of PGU began to decline. The overall output eletricity 
became stabe. then the capacityof CCHP system  is more than 500kW the rate of increase begin slower than before.
(2) The capacity of the CCHP system is proportional to the paback years, and  it is inversely proportional to the 
initial investment.
(3) Due to the CCHP system for the campus is a following electricity load system, , and the space heating 
demand is the main part of the total energy demand in North China. So we can determine that to optimize and 
control of the heating system is a effective measures to improve the energy effciency and reduce carbon emmissions.
(4) Change the gas or electricity price  can promote the application of CCHP system in China. when the gas price 
are changed to low to 0.65 of present price, the CCHP system has a well econnomic. when the electricity price are 
changed to more than the 1.5 times, the CCHP system has a well econnomic.
Of course, the numerical results obtained in the case study can not be generalized to other CCHP systems in 
North China and other cold regions. However, the results can provied a useful indication of the application of CCHP 
system in North China. In the following studies, the E-GAMS model will combined with other simulation method, 
and further improve the optimization and control conditions in cold areas, application of different types of buildings 
and areas.
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